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Obj&ves. The puqmse of this study was to evaluate he 
i&u&!lity of atria! flutter in patients with atrioventricular (AV) 
n& reentrant tachycardia nnd to determine the effect of radio= 
frequency ablation of the slow AV node pathway on the inducibil- 
ity of atrial flutter. 
&&ground. Studies have shown that both AV node reentrant 
tachycardia and atrial flutter arc rccntrsnt arrhythmias having an 
area of slow conduction that is located in the low posterior right 
atrium near the ostium of the coronary sinus. 
Methods. Ninety-one patients were prospectively evaluated 
using a standardized atrial pacing protocol. Three groups of 
patients were analyzed: 42 patients with inducible AV node 
reentrant tachycardia, 13 with a history of spontaneous atrial 
flutter and 36 control patients. A subgroup of 34 patients with AV 
node reentrant tachycardia who underwent successful radiofre- 
quency ablation of the slow AV node pathway underwent atrial 
pacing again atYer ablation. 
Results. Atrial flutter was more frequently inducible In patients 
with AV node reentrant tachycardh ( 941) and in those wit 
--- 
Previous tudies (I ,2) have provided strong evidence that 
atria! flutter is caused by a reentrant circuit confined to the 
right atrium. Intraoperative and percutaneous catheter map 
ping studies have shown that the reentrant circuit usually 
includes an area of slow conduction located in the triangle of 
Koch between the mouth of the coronary sinus and the 
septa! leaflet of the tricuspid valve (3-5). Reports on patients 
with atrioventricular (AV) node reentrant tachycardia h ve 
sh,swn that surgical dissection ofthis same area of perinoda! 
atrium in the triangle of Koch can eliminate the inducibility 
of the reentrant tachycardia, mplicating this as a critical part 
of the reentrant circuit for this arrhythmia (6,7). If the same 
area of atrium is critical for AV node reentrant tachycardia 
and atria! flutter, it is possible that atria! flutter might be 
inducible in patients with AV node reentrant tachycardia. 
Therefore, the pqose of this study was to evaluate the 
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the slow pathway ofthe A 
inddcibility of atria! Rutter in patients with AV node reen- 
trant achycardia and to determine if the inducibility of atria! 
flutter is altered by radiofrequency ablation of the slow 
pathway in the AV node reentrant tachycardia circuit. 
Patient selection. Ninety-one patients w prospectively 
enrolled under a protocol approved by the man Research 
Committee ofthe University of Michigan Hospital. Patients 
were separated into three groups: 1) 42 patients with induc- 
ible AV node reentrant tachycardia; 2) 13 patients with a 
history of documented atria! flutter; and 3) 36 control pa- 
tients witbout either AV node reentrant tachycardia or a 
history r~r atria! flutter. The control patients consisted of LY 
patients with ventricular arrhythmias, 9 patients with syn- 
cope of unknown origin a:jd 8 patients with palpitation of 
unknown origin. The age, gender distribution and type of 
heart disease in the diiTere#. groups are described inTable 1. 
None of the patients with AV ,lode recatrant tacbycardia 
and none of the control patients had a history of spontaneous 
atria! flutter. A history of atria! fibrillation was present in 
three patients with AV node reentrant tachycardia, four with 
W35-1097/93/$6.00 
%e 1. Clinic21 Cfiawcteristics cd 91 Seedy 
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Patient!; With 
AV :dode Patients Wlth a 
eentrant istory of Contr 01 
Tachycardia Attial Flutter Mients 
(n = 421 ia = 13) (n - 36) .-. - 
Age (yr) (sea.b t SD) 48 5 19 64 + II* 53 ” I5 
Male/female 21/2i 8i5 Z3iI 3 
Coronary artery disease 2 5 II 
Idiopathic cardiomyopathy 2 1 3 
Valvakar heart disease 0 0 2 
A rial septal defect 0 1 0 
hypertensive heart disease 0 1 0 
No heart disease 3% 5 20 
*p < 0.05 versus patients with AV node reentrant tachycardia an 
patients. tp < 0.05 versus patients with a history of atrial flutter and contuo! 
patients. Unless otherwise indicated, data are expressed as number of 
patients. AV = atrioventricular. 
ing and 4-mm distal el 
placed in the His bundie 
d (VA) block 
patient. The induci 
ia was dete~~~~ed 
trophysiologic techniques (8). 
total doses of 2 to 10 mg was u 
e~ectropbysiolog~c procedure for all patients. 
Atrial overdrive pacing was each patient 
using a standardized protocol wi able stimtda- 
loom Associates). The high right atrium was 
using a 2%beat drive tram, 1.5-s inteet~i~ pause, 
pulse amplitude and 2-ms pulse duration, with pacin 
cycle lengths of 250 ms to 1 
Pacing was performed twice 
Pacing was discontinued afte 
tamed (230 s) atrial 
episodes of nonsustain 
The longest episode wa 
induction of an atria! a 
from the distal electrode pair d the ?rigb right atria! ca 
and used for analysis. Atria! bitter an 
defined using the criteria of Wells et aL (8,9). The criteria for 
atria1 fiutter included a regular atria1 taebycardia with an 
atria1 cyc!e length &O ms, uniform intracardiac atrial 
sidered to be aerial 
iQvers~o~. Qnly 0ne 
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Table 2. Inducibility of Atrial Flutter and Fibrillation 
Patients With 
AV Node Patients With 
Reentrant Control 
Tachycardia %rial Flutter Patients 
(n = 42) (n = 13) (n = 36) 
Arrhythmia noninducible 0 1 (8) 1 (3) 
Atrial flutter 37 (88) 12 (92) 13 (36)* 
Atrial fibrillation 5 (12) 0 22 (61) 
*p = 0.0001 versus patients with AV node reentrant tachycardia and 
control patients. Data are expressed .B number (%) of patienis. AV = 
atrioventricular. 
catheter placed ;t.long the medial and posterior tricuspid 
anulus and around the coronary sinus ostium. Recordings 
were made from the distal electrode pair of the ablation 
catheter using 8O-mm/mV gain and filtering at 30 Hz to 
500 kHz. Mapping was guided by attempting toisolate slow 
pathway potentials (1 l-14) or by finding areas with a frac- 
tionated atrial electrogram and atrial/ventricular eiectrogram 
ratio < 1. Radiofrequency current was delivered as a contin- 
uous unmodulated sine wave at 500 kHz (EP Technologies) 
at outputs of 10 to 35 W for 10 to 30 s at locations along the 
medial and posterior tricuspid anulus and around the coro- 
nary sinus ostium. An ablation was considered successful 
when sustained AV node reentrant tachycardia was no 
longer inducible ven during an infusion of isoproterenol. 
is, Discrete variables were compared 
using contingency table analysis. Co,rltinuous variables were 
compared using Student x&xl t tests csy Fisher analysis of 
variance. A p value I 0.05 wa: considered significant. 
In~ucib~ity of atrid flutter or ~b~~~~tion. The overall 
results are shown in Table 2. Atrial flutter was induced 
significantly more often in patients with AV node reentrant 
tachycardia (88%) and in those with a history of atria1 flutter 
(92%) than in control patients (36%) (p = O.OOOl). The 
induced atrial flutter was type I in 10 of 12 patients with a 
history of atrial flutter, in 30 of 37 patients with inducible AV 
node reentrant tac’lycardia and in 12 of 13 control patients 
(p = NS). The induced atrial flutter was sustained inall 12 
patients with a history of atria1 flutter, in 30 of 37 patients 
with inducible AV node reentrant tachycardia and in 11 of 13 
control patients (p = NS). The induced atrial fibrillatio q was 
sustained in3 of 5 patients with inducibie AV node reeiliranl: 
iachycardia and in 13 of 22 control patients (p = NS). 
There were no ditierences between the patient groups 
with respect to the baseline sinus cycle length, AH interval, 
HV interval, xtrial effective refractory period, P wave dura- 
tion, PA interval at the His bundle position or AV block 
cycle length (Table 3). The patients with a history of docu- 
mented atrial flutter were found to have a longer VA block 
cycle length than that of the patients with AV node reentrant 
tachycardia or control patients (Table 3). 
Tabk 3. Raseiine Electrophysiologic Data 
Piatients With 
AV Node Patients With 
Reentrant a History of 
Tachycardia Atrial Flutter 
(n = 42) (n = 13) 
Sinus cycle length 774 4 149 748 + 204 
AH interval 90 + 33 105 r 47 
HV interval 42 + 8 50t 15 
Atrial ERP 219 f 28 221 f 27 
P wave duration 922 15 92 ? 16 
PA interval t His 272 11 30 + 16 
bundle position 
AV block CL 365 ? 56 360 t 67 
VA block CL 360 f 52 489 f 113* 
Control 
Patients 
(n = :,6) 
769 2 147 
86 + 27 
44+9 
235 + 31 
91 2 15 
242 11 
3% + 58 
381 + 106 
*p < 0.05 versus perients with AV node reentrant tachycardia and control 
patients. All values ire expressed in ms and as mean value d SD. AV = 
atrioventricular; CL = cycle length; ERP = effective r fractory period; VA = 
ventriculoatndi. 
The mean pacing cycle length ired to induce atria) 
flutter or fibrillation was longer in t istory 
of atrial flutter than in either the patients with node 
reentrant tachycardia or control patients (217 + 25 ms vs. 
199 ? 21 ms and 193 + 2.C ms, respectively, 
meat; pacing cycle length inducing atrial 
shorter than that inducing atria1 flutter (190 + 22 ms vs. 
203 + 24 ms, p < 0.02), but this difference was n 
ients with a history of atrial 
analysis. In 26 (42%) of the 62 episodes of 
flutter, a pacing cycle Length of ~200 ms was 
for arrhythmia nduction. 
of r~diofreq~e~cy a lation. There was no effect on 
the percent of patients with inducible atria1 fibrillation or 
flutter after elimination ofAV node reentrant txhycardia by 
radiofrequency ablation of the s1ow AV node pathway 
(Table 4). In five patients, the results before and after 
ablation were discordant: hree patients with atrial flutter 
before ablation had fibr ‘lation after ablation and two with 
atria1 fibrillation befor:? ablation had flutter after ablation. 
The mean pacing cycle length required to induce atrial 
arrhythmias fter ablation (186 ? 21 ms) was shorter tb?n 
that before ablation (198 f 2! ms, p < 0.05). There was no 
Table 4. Effects -of Radiofrequency Ablation of the Slow Pathway 
of the AV Node Ree?trant Tachycardia Circuit on the Inducibility 
of Auiai Fiutrer or F’briilarion 
Before Ablation After Ablation 
Induced arrhythmia 
Atrial flutter 30 29 
Atria1 fibrillation 4 5 
Arrhythmia duration 
Sustained 27 30 
Nonsustained 7 4 
There were no differences between i ducibility or duration of atrial flutter 
and fibrillation before and after ablation. 
near the coronary 
Recent studies in patients with AV node reemrant tachy- 
cardia have indicated that he tachycardia circuit may not ‘ii5 
confined to the A7 node and that a portion of the ~~~o~a~ 
atrium may participate in reentr circuit ,161. 
Evidence from animal studi l&19) indicat this 
perinodal atrium may be acting as the “slow pathwag” 
during the typical form of AV node reentrant tachycardi;. 
Reports on surgica! ther y for AV node reentrant :2chycar- 
di2 (5,7) have that disruption of the perinodd atrium 
wilt often cur tachycardia 2nd elikate slow path- 
way function. tly, r2diofreq~e~cy ablative tech- 
niques directed to atria! myoczrdia: reas aroun 
nary sinus ostium effectively eliminated or 010 
pathway function and cured AV node reentrailt tachycardia 
(11-14). 
The preceding studies cho?v that in patients with AV no?: 
reentrant tachycardia 2nd spontaneous atria! flutter, an area 
of atria1 myocardium located near the coronary sZnus ostium 
may often function as 2 zone of s!ow conduction in the 
tachycardia circuit, This evidence, along with the resuh~ of 
our study, indicate that in patients with 1 
reentrant tachycardia 2nd inducible atrial 
tachycardia circuits may share a common area of perinodd 
atrium. 
~~~~~~~~ ~~~~~~ uttera. Another finding from this study 
is that atria1 flutter tn2y be induced in patients with no 
history of this arrhythmia. Atria! flutter was induced in 
approximately one third of the control patients. whereas 
s to be the case. S 
nary sinus os~~urn had no e 
not actually utilize a co 
in their circuits or that 
node reentrant tachycardia requires less dest~ctio~ ofthis 
area than is required to inhibit the induci 
flutter. The latter ~oss~b~~~ty is sup 
(I4) showing that patients may still have evidence 
pathway function but no i~ducib 
ng association between t 
inducitihty of A? node reentrant 
hiitter. This association along with 
seladics impiies that here may be a pat 
hni; bet\??reen these two a~~?yt~mia 
ias may utilize a co 
atrium in their tat 
detailed maiming of bbe tazhycardia circuits wih be needed 
to clarify this issue. 
We are grateful to Muion fviaguire and Heidi Williams for assistance in Ihe 
preparation of the manuscript. 
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